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Transmission Dynamics:  
Role of Asymptomatic Cases  



•  18% of those infected (10-27%) had a clinical illness that was probably 
attributable to ZIKV 



Human-to-Mosquito DENV Transmission: 
Experimentally Infected People 

•  Small cohorts of human volunteers 
•  Only overt disease considered 
•  Disease onset after 4-9 days of intrinsic 

incubation 
•  Successful transmission after ≥11 days of 

extrinsic incubation 

DENV-4 infectious period in 
symptomatic humans. Percentage of 
exposed Ae. aegypti that transmitted virus 
to human volunteers (95% CI).  
- Adapted from Nishiura & Halstead J 
Infect Dis 2007 following reanalysis of 
Siler et al. Philipp J Sci 1926 
	



•  208 hospitalized patients in Vietnam 
•  Few transmission events after defervescence 

(fever day=0) 
•  Infectiousness to mosquitoes up to 6th day 

after symptom onset 
•  Transmission probability was associated with 

viremia profile 

 

2013 

Human-to-Mosquito DENV Transmission: 
Naturally Infected People 



DENV-1 
OID50= 6.51 

Dose-responses of 208 hospitalized dengue patients in Vietnam 

DENV-3 
OID50= 7.52 

DENV-2 
OID50= 6.29 

DENV-4 
OID50= 7.49 

Infectiousness and Viremia are  
Strongly, Positively Correlated 

Nguyen et al. PNAS 2013 



Each year: 
 

96 million symptomatic cases 
 
 
 

294 million inapparent infections 

Inapparent: Confirmed infection with 
insufficient symptoms to be detected by existing 
surveillance systems and health care providers 
Asymptomatic: Confirmed infection in the 
complete absence of symptoms 

Are Inapparent Infections Dead-End Hosts? 

•  Disease severity positively correlated to 
viremia level  

•  Inapparent infections assumed to inefficiently 
infect mosquitoes 

•  Dengue outbreaks associated with low viremia 

Bhatt et al. Nature 2013 

Continuum of Disease  
  None             Inapparent               Mild                Severe 

2011 

JID  2012 

•  Interview 0, 5, 10, 15 or 
0-14 days; blood draw 0 & 
15 days 

•  1.1:1 - 2.9:1 inapparent-to-
symptomatic ratio 

•  19-20% asymptomatic, 
60-66% febrile & 15-20% 
afibrile with other symptom 

•  Fever more likely to have 
detectable DENV RNA 

•  Ambulatory with mild febrile 
infections could contribute 
to transmission 



Indirect 
feeding 
(≥2yr 
old) 

Variation in Human DENV 
Transmission to Mosquitoes 

Passive hospital-based surveillance + geographical cluster investigations 

Enrollment of    
index dengue 

cases at 3 
hospitals in 
Kampong 

Cham 
province, 
Cambodia 

Enrollment of    
cluster 

participants  in 
households 

located <200m 
from an index 
case’s home 

Wild-type, lab-reared Aedes 
aegypti exposed to viremic 
blood and their legs/wings 

tested by RTqPCR after 14d 

Active DENV infections detected by NS1 rapid test and RTqPCR. Asymptomatic infections monitored daily for 10d. 

Direct feeding 
(≥4yr old) 

2015 
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*** ** ** Ref. N.S. 

7/13 asymptomatics 
transmitted DENV 
to mosquitoes 

+2 with 
undetectable 
viremia 

Despite Lower DENV Viremia 
Asymptomatics Can Be Infectious to Mosquitoes 



Continuum of Disease  
None                 Inapparent                  Mild                Severe 

• Overall viremia & disease category were 
associated with likelihood of mosquito 
infection (not immune status, age, EIP) 

• Despite their lower average level of 
viremia, asymptomatic people can infect 
mosquitoes 

• At a given level of viremia, people with no 
symptoms (13) or before symptoms (42) 
more infectious to mosquitoes than 
people with symptoms (126) 

•  Infective people without symptoms or 
before symptoms have the potential to 
contribute more to transmission than 
previously recognized 

Doung et al. 2015 PNAS 

• Variation among people in their 
contribution to transmission 
(mosquito feeds) 

•  Epidemiological	&	sociobehavioral	
contribu6ons	to	transmission	

•  Predict	risk	&	most	effec6ve	public	
health	measures	(modeling)	

Quantifying Heterogeneities in Dengue Virus Transmission 
Dynamics (NIH P01AI098670); Iquitos, Peru 

42/1,505 = 3% 

Severity	of	Disease	and	Virus	Transmission	



Bogoch et al. 2016. Lancet 

Risk of Zika Virus Transmission 
and Travelers Departing from Brazil 

Predicted Global Environmental 
Suitability for Zika Virus 

Messina et al. in review 



Conclusions and Implications 
•  An experimental system for quantifying the trajectory of viremia/

infectiousness and relative contribution to transmission of people across 
the continuum of disease 

    - Limitation: Logistically challenging and require rapid detection of  
      viremic/infectious people 

•  People with asymptomatic/presymptomatic/mild disease flavivirus 
infections can be infectious to mosquitoes 

    - DENV & small sample size (n=13, 7%) 
    - Low ZIKV viremia 

•  Knowledge gap: Role of “silent transmission” in ZIKV epidemiology? 

•  Relative contribution to transmission needs to be quantified 
    - Trajectory of infectiousness 
    - Exposure to mosquitoes 
    - Lack of symptoms/mild disease may increase risk of human-mosquito 
      encounters (i.e., bites) 

•  Public health implications: 
    - Unrecognized invasion/spread and amplification 
    - Reactive (rapid detection and response) vs pre-emptive intervention 
    - Ae. aegypti control 
    - Trial design for assessing efficacy of prevention tools 

Inapparent infections force a more rapid rise and subsequent fall of cholera 
epidemics, shifting the perceived epidemic peak to an earlier time than previously 
recognized, and accelerating epidemic transmission and geographic spread. 


